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Abstract. We present the rst UBV and uvby photomet-
ric observations for the short period variable star HV Ur-
sae Majoris classied as a eld RRc variable. The observed
dierences between the consecutive minima and the lack
of colour variations disagree with the RRc-classication
and suggest the possible binary nature of HV UMa. In
order to reveal the real physical status of this star, we
took medium resolution (=  11000) spectra in the
red spectral region centered at 6600 A. Spectra obtained
around the assumed quadratures clearly showed the pres-
ence of the secondary component.
An improved ephemeris calculated using our and Hip-
parcos epoch photometry is Hel. JDmin = 2451346:743
0:001, P= 0:d7107523(3). A radial velocity curve was de-
termined by modelling the cores of H proles with two
Gaussian components. This approximative approach gave
a spectroscopic mass ratio of qsp=0.190.03. A modied
Lucy model containing a temperature excess of the sec-
ondary was tted to the V light curve. The obtained set of
physical parameters together with the parallax measure-
ment indicate that this binary lies far from the galactic
plane, and the primary component is an evolved object,
probably a subgiant or giant star. The large temperature
excess of the secondary may suggest a poor thermal con-
tact between the components due to a relatively recent
formation of this contact system.
Key words: stars: binaries: eclipsing { stars: fundamental
parameters { stars: individual: HV UMa
1. Introduction
The rst note on the possible light variability of HV Ur-
sae Majoris (= HD 103576 = HIP 58157, hV i = 8:69,
Send oprint requests to: l.kiss@physx.u-szeged.hu
? Based on the data obtained at the David Dunlap Observa-
tory, University of Toronto
?? Guest Observer, Sierra Nevada Observatory
V = 0:28, P = 0:d355385, Hipp = 3:12  1:23 mas,
dHipp = 320+210−90 pc) was published by Penston (1973) who
gave an ’uncertain’ mark to the range of V-magnitude
(\var? V=8.60{8.83"). The periodic nature of the light
variation was discovered by the Hipparcos satellite (ESA
1997) and the star was classied as an RRc variable. There
is a note in ESA (1997) about the possibility of a dou-
ble period but no rm conclusion was drawn. ESA (1997)
gives a spectral type A3, while Slettebak & Stock (1959)
published A7.
We started a long-term observational project of
Stro¨mgren photometry and spectroscopy of the newly dis-
covered bright Hipparcos variables. The rst results have
already appeared in Kiss et al. (1999a, b). Since the pe-
riod, spectral type and light curve do not exclude the pos-
sibility of wrong classication, accurate determination of
the fundamental physical parameters is highly desirable.
The main aim of this paper is to present the rst UBV
and uvby photometry for HV UMa. Also, our radial veloc-
ity measurements are the rst time-resolved spectroscopic
observations of this star to date. The paper is organised
as follows: the observations are described in Sect. 2, Sect.
3 deals with data analysis and the obtained physical pa-
rameters, while a discussion of the results is given in Sect.
4. A nal list of conclusions is presented in Sect. 5.
2. Observations
2.1. Photometry
The Stro¨mgren uvby photometric observations were car-
ried out on 9 nights in June, 1999, using the 0.9 m tele-
scope at Sierra Nevada Observatory (Spain) equipped
with a six-channel (uvby+) spectrograph photometer
(Nielsen 1983). Earlier, UBV measurements were ob-
tained on one single night in March, 1999, using the 0.4 m
Cassegrain-type telescope of Szeged Observatory equipped
with a single-channel Optec SSP-5A photometer. These
observations covered only 5 hours and revealed a 0.2 mag
variation between two consecutive minima. We carried
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Fig. 1. The light and colour curves of HV UMa phased with
the adopted ephemeris (see text)
out dierential photometry with respect to HD 103150
(V =8.45, B − V =0.54, b− y=0.335, m1=0.149, c1=0.381
mag). The overall accuracy of the standard transforma-
tion is about 0:01 mag for V , b − y and m1 and 0:02
mag for c1. The light and colour curves were phased us-
ing the corrected ephemeris (see below) and are plotted in
Fig. 1.
2.2. Spectroscopy
The spectroscopic observations were carried out at David
Dunlap Observatory with the Cassegrain spectrograph at-
            
Fig. 2. Sample spectra around the quadratures and minima.
The presence of the secondary component is obvious.
tached to the 74" telescope on two nights in May, 1999.
The detector and the spectrograph setup were the same as
used by Vinko et al. (1998). The resolving power (=)
was 11,000 and the signal-to-noise ratio reached 30{50, de-
pending on the weather conditions. The spectra were cen-
tered on 6600 A and reduced with standard IRAF tasks,
including bias removal, flat-elding, cosmic ray elimina-
tion, aperture extraction (with the task doslit) and wave-
length calibration. For the latter, two FeAr spectral lamp
exposures were used, which were obtained before and af-
ter every three stellar exposures. The sequence of obser-
vations FeAr-var-var-var-FeAr was chosen because of the
short period of HV UMa. Careful linear interpolation be-
tween the two comparison spectra was applied in order
to take into account the sub-pixel shifts of the three stel-
lar spectra caused by the movement of the telescope. We
chose an exposure time of 10 minutes, which corresponds
to 0.01 in binary orbital phase, avoiding phase smearing
of the radial velocity curve. The spectra were normalized
to the continuum by tting a cubic spline, omitting the
region of H.
Besides a few telluric features, only the H line could
be detected with acceptable S/N ratio in our 200 A-wide
spectra. At the phases of maximum light the H line
exhibited signicant broadening and an excess bump ap-
peared on the wings alternating between the blue and the
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Fig. 3. Hipparcos epoch photometry data phased with the -
nally adopted ephemeris (see text)
red side (see Fig. 2). It can be interpreted most easily as
the eect of a close companion star, therefore HV UMa is
most probably a spectroscopic binary. Fig. 2 shows a few
sample spectra with the calculated orbital phase indicated
on the right side of every spectrum.
3. Physical parameters
3.1. Epoch and period
The Hipparcos data suggested that the light variation of
HV UMa can be described with a single period of 0:d355385
(ESA 1997). We observed only one moment of minimum
(Hel. JD = 2451346.388), but the consecutive minimum
appeared to be slightly fainter, therefore, we adopted a
doubled Hipparcos period as a rst approach (0:d71077)
and shifted the observed time of minimum with 0:d355385
to obtain the nal epoch Hel. JDmin = 2451346:743 
0:001.
The next step was to rene the period. This was done
by phasing Hipparcos epoch photometry with the newly
determined epoch and the doubled Hipparcos-period. The
resulting phase diagram showed a shift of   0:1
(=0:d071). That shift was eliminated by recalculating the
period until correct phase diagrams for both our and Hip-
parcos data (Fig. 3) were reached. The resultant period is
P = 0:d7107523(3). The fact that earlier Hipparcos data
agree very well with our data suggests a quite stable pe-
riod of HV UMa.
3.2. Classication
The shape of the light curve, i.e. the continuous light vari-
ation and the very deep secondary minimum (almost as
deep as the primary one), the absence of signicant colour
variation, the appearance of the secondary line in the spec-
tra at the quadrature phases all suggest that HV UMa is
probably an eclipsing contact binary. This is conrmed by
its low mass ratio and a consistent model of the light curve
(see below).
Comparing the light curve phased with the nal epoch
and period (Fig. 1) with the line proles observed at
phases of maximum light (Fig. 2) it is visible that the
secondary line appears on the blue side at the  = 0:27
quadrature phase that follows the deeper minimum, while
this bump is redshifted at  = 0:77. This indicates that the
smaller companion star approaches us after the primary
minimum, therefore that minimum is due to an occulta-
tion eclipse. The weak point of this analysis is that the
light curve is not very well covered around the minima ei-
ther by the Hipparcos data or our observations. The data
obtained at Sierra Nevada have better inner precision (less
scatter) than those provided by Hipparcos, and these data
indicate that the minimum at  = 0:0 is slightly deeper.
Therefore, we adopted this eclipse as primary minimum,
but this needs further conrmation. If the deeper minim-
mum is really due to an occultation eclipse then HV UMa
is a so-called W-type contact binary.
Contact binaries can contain early (O{B) or late (G{
K) spectral type stars. The latter group is referred to as
the W UMa stars, while the former is known as early-type
contact systems. The colours of HV UMa indicate early
F spectral type, therefore HV UMa is an \intermediate"
type contact binary between the W UMa stars and the
OB-type contact systems. The surface temperature and
the line prole of the HV UMa system makes it similar to
the known contact systems UZ Leo and CV Cyg (Vinko
et al., 1996).
3.3. Radial velocities and spectroscopic mass ratio
Since the secondary component is only partly resolved,
the radial velocities must be determined by modelling the
individual line proles in order to avoid blending eects
(e.g. systematic decrease of the velocity amplitude). For
this purpose we chose those spectra that were obtained
around the quadratures. These show the presence of the
secondary most clearly. One spectrum around light mini-
mum was also modelled to test the applied method.
Because the H prole is strongly aected by the Stark
broadening and shows wide non-gaussian wings, we nor-
malized the proles to the surrounding continuum, and
selected the lower part of the proles below the 0.9 in-
tensity value. We tted two individual Gaussian proles
to the line cores adjusting the amplitudes, FWHM values
and line core positions. The initial values of these param-
eters were estimated from two spectra very close to the
quadratures (=0.25 and 0.77). The FWHM converged
very quickly to the nal values, being 7.6 A and 4.0 A for
the primary and secondary components, respectively. Line
depths changed slightly from spectrum to spectrum, as the
contributions are phase-dependent, resulting in 0.29{0.30
for the primary and 0.07{0.10 for the secondary (note,
that these values mean line depths below 0.9 normalized
intensity). The tted line core positions resulted in the ra-
dial velocity variations for both components. Sample spec-
tra with the tted prole are shown in Fig. 4, while the
radial velocities are presented in Table 2. The estimated
accuracy of the individual velocities is about 5 km s−1 for
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the primary, and 10 km s−1 for the secondary, which is
mainly determined by the resolution of the line core in
wavelength. The velocity amplitudes resulting from this
method are 471.5 km s−1 and 25410 km s−1, where
the uncertainties are due to the random errors caused by
the observational scatter. The corresponding mass-ratio is
qsp = msec=mpri = 0:185 0:01.
However, as was also pointed out by the referee, this
kind of velocity determination may contain a large amount
of systematic error, mainly due to the assumed Gaussian
shape of the individual line proles. The intrinsic H pro-
les of the components of HV UMa are probably quite
dierent from Gaussian, therefore this approach can be
considered as only the rst approximation for extracting
the radial velocities from the H proles. The major part
of the systematic error is governed by the shape of the
wing of the primary component’s model prole on the side
where the secondary star appears (blueward at  = 0:25
and redward at  = 0:75 phases). It is well visible in Fig.
4 that the position of the secondary line is shifted to-
ward larger velocities with respect to the position of the
\hump" on the observed prole, due to the increasing con-
tribution of the primary line toward the main minimum
of the combined line. If the primary line was steeper on
the side where the secondary line exists, overlapping the
secondary by a smaller amount, then the secondary line
would be less shifted, thus, its position would be closer
to the local hump on the observed prole, resulting in
a smaller radial velocity of the secondary. On the other
hand, a shallower secondary prole would give us system-
atically higher velocities due to the same reason.
In order to estimate the amount of this kind of sys-
tematic error, we simply determined the positions of the
two local minima (the main minimum and the secondary’s
hump) on the proles observed around quadratures (four
spectra around  = 0:25 and two around  = 0:75) when
the presence of the hump appeared to be most promi-
nent. This was done interactively, by eye, plotting the line
proles on the computer screen, which again introduced
some subjectivity into the procedure, but it is stressed
that this is done only for estimating the errors of the veloc-
ities and not for obtaining their actual values. Of course,
the velocities of the secondary measured in this way were
systematically smaller than those obtained by the Gaus-
sian tting. The velocities of the primary were almost the
same, as could be expected. The total amplitude turned
out to be K 0 = 280 km s−1, while the mass ratio changed
to q0 = 0:22. Comparing these values with the results of
the Gaussian tting, we conclude that the errors of the
radial velocity amplitude and the spectroscopic mass ra-
tio (both random and systematic) are approximately 23
km s−1 and 0:03, respectively. The nally adopted pa-
rameters determined spectroscopically, together with their
errors are collected in Table 3. It is important to note that
the mass ratio can be rened by modelling the light curve
(Sect. 3.4), but the total velocity amplitude is tied only to
Table 2. The observed heliocentric radial velocities obtained
by the Gaussian t. The velocity resolution is about 5 km s−1.
Hel. JD  Vrad(prim:) Vrad(sec:)
2400000+ [km/s] [km/s]
51309.6206 0.77 −47 251
51309.6396 0.80 −51 242
51309.6471 0.81 −42 246
51310.6411 0.21 41 −252
51310.6485 0.22 45 −243
51310.6562 0.23 50 −243
51310.6643 0.24 54 −238
51310.6719 0.25 50 −243
51310.6794 0.26 50 −243
51310.6893 0.27 45 −238
51310.6964 0.28 41 −252
51310.7037 0.29 45 −247
51310.7436 0.35 41 −233
51310.8423 0.49 9 9
the spectroscopic data, thus, its uncertainty will directly
appear in the absolute parameters of the system.
3.4. Light curve modelling
The V-light curve was synthesized with the computer code
BINSYN described briefly in Vinko et al. (1996). This code
is based on the usual Roche-model characterized by the ge-
ometric parameters qph (photometric mass-ratio), F (ll-
out) and i (orbital inclination). The relative depth of the
eclipses were modelled introducing the relative tempera-
ture excess of the secondary X = (Tsec − Tpri)=Tpri (hot-
secondary model). Because the primary minimum turned
out to be due to occultation, the phases were shifted by
0.5 assigning  = 0:0 to the transit eclipse (built-in default
in BINSYN).
First, the eective temperature of the primary com-
ponent was estimated based on synthetic colour grids by
Kurucz (1993) and the observed mean Stro¨mgren colour
indices (hb− yi = 0:19 mag, hm1i = 0:15 mag, hc1i = 0:77
mag), resulting in Te = 7300200 K and log g = 4:00:3
dex (assuming E(B − V ) = 0 and solar chemical abun-
dance). The interstellar reddening in the direction and
distance of HV UMa is expected to be small, because this
variable lies far from the galactic plane. TU UMa, an RR
Lyr variable lying 17 SE from HV UMa also has a negli-
gible colour excess (Liu & Janes, 1989).
Other parameters necessary for modelling the binary
star were as follows. A linear limb-darkening law with co-
ecient u = 0:61 was adopted from tables of Al-Naimiy
(1977). The gravity darkening exponent and the bolomet-
ric albedo were chosen at their usual values for radiative
atmospheres:  = 0:25 and A = 1:0. All these parameters
were kept xed during the solution for the best light-curve
model.
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